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Purpose: Operation for ruptured abdominal aortic aneurysm is generally still associated 
with a high mortality rate. A review of our experience over a 9-year period was undertaken 
to identify factors present on admission associated with 30-day operative mortality. 
Methods: A retrospective analysis of 154 patients with ruptured abdominal ortic aneurysm 
submitted for operation in a university teaching hospital between January 1985 and 
December 1993 was undertaken. 
Results: The hospital mortality rate was 39%. Logistic regression identified a set of five 
independent preoperative factors associated with mortality: age (> 76 years), creatinine 
level ( > 0.19 retool/L), loss of consciousness after arrival, Hb ( < 9 g%), and electrocar- 
diographic ischemia. In the 52 patients with a single risk factor present, he mortality rate 
was 37%, with two factors (32 patients) it was 72%, with three or more factors (8 
patients), it was 100%, and no patient had all five risk factors. A 16% mortality rate was 
found in the 62 patients with no risk factors. 
Conclusion: These risk factors can be easily "determined on admission and may be used to 
help improve patient selection for surgical intervention. The current operative mortality 
rate for ruptured abdominal aortic aneurysm remains high, and in some cases health care 
resources are used in a nonproductive fashion. Restricted patient selection and allocation 
of scarce resources will bring advantages toboth the patient and the community. (J VASC 
SURG 1996;23:123-9.) 
The treatment of  ruptured abdominal aortic 
aneurysms (RAAA) continues to pose a series of  
challenges, the most difficult of  which is patient 
selection. Two possible broad approaches to patient 
selection exist; the first would be an "all comers" 
approach, and the other, a more "selective" approach. 
The "all comers" approach offers surgical interven- 
tion to every patient irrespective of  current status or 
the presence of  significant comorbidities. The "selec- 
tive" approach would involve an assessment of  
operative risk predictors and comorbidities in an 
attempt to identify those patients with an unrealistic 
expectation of  a successful outcome. 
Several reasons exist why the clinical problems 
associated with patient selection in RAA are likely 
to increase rather than decrease. The Australian 
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population isaging. The median age at death for men 
has increased from 70 years (1982) to 72.6 years 
(1992); for women the median age at death has 
increased from 77.2 years (1982) to 79.3 years 
(1992).1 Epidemiologic studies uggest that a seven- 
fold increase has occurred in the incidence of  
nonruptured abdominal aortic aneurysms ince the 
early 1950s. Moreover, not only is the incidence of  
nonruptured aortic aneurysms increasing, but the 
age-standardized mortality rate from RAAA for men 
older than 55 years has increased from 34 in 100,000 
(1980) to 46 in 100,000 (1988). 2
Because clinicians are increasingly required to .  
accept fiscal autonomy and budgetary responsibility, 
it is important that the use of  health care resources 
benefits not only the individual patient but also the 
wider group of  all patients attempting to gain access 
to health care. This managerial role involves an 
increasing awareness of cost restraints within the 
health service, an awareness of  the pressure to 
rationalize limited resources, and the need for an 
awareness both in Australia and worldwide of  the 
realistic outcomes of  a proposed treatment option. 
If  any attempt was to be introduced to ration the 
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use of surgical intervention in RAAA, it would be 
necessary to identify variables that accurately stratify 
the patient groups and predict outcomes. This 
process would then allow a more "selective" ap- 
proach that was both ethical and equitable. How- 
ever, conflicting reports are in the recent literature 
as to the relevant variables and the weighting that 
should be given to each variable. As an example of 
this approach, Johansen et  al.a,4 identified a selected 
subgroup of patients with RAAA who, they argued, 
should not be offered operation, because their 
operative prognosis was so poor. This high mor- 
tality group included women older than 80 years 
of age in whom the observed mortality rate was 
92%. However, other groups  have reported results 
that do not support such an approach, and therein 
lies the dilemma in attempting to define these 
subgroups. 
In this study we have attempted to identify the 
significant variables that could be used to predict 
surgical outcome and hence direct resource use in the 
group of patients with RAAA. 
METHODS 
Patient identification. One hundred eighty- 
eight patients (analyzed as two cohorts of 170 and 18 
patients, as outlined in the following text) admitted 
to Royal North Shore Hospital from January 1985 to 
December 1993 with ruptured abdominal aortic 
aneurysm were identified from the Vascular Surgical 
Unit Data Registry and medical records. Initially, 
data on 170 consecutive patients admitted before the 
end of August 1992 were assessed. The medical 
records of 13 patients were unavailable for review. 
Twenty-one patients did not undergo operation, 
leaving 136 for analysis. Data for only those factors 
found to be significant (p < 0.05) in the initial 
analysis were added from an additional 18 patients 
undergoing operation for RAAA between Septem- 
ber 1992 and December 1993, giving a total of 154 
patients undergoing operation. 
Management. Once the diagnosis of RAAA was 
made, patients were transferred to the operating 
department as rapidly as possible for operation. 
Intravenous lines and infusions were commenced, 
but no attempt was made to "normalize" blood 
pressure. Surgical intervention was not undertaken if 
the patient or guardian refused to agree to the 
procedure, if the patient had a known serious 
comorbidity such as disseminated untreatable malig- 
nancy, or if the patient was otherwise clearly unsuit- 
able, such as a demented, totally dependent patient in 
a nursing home. All cases were assessed individually 
by the attending surgeon regarding their suitabili~, 
or otherwise for surgical intervention. 
Ultrasonography or computed tomography were 
performed only when doubt existed about the 
diagnosis of rupture in a stable patient with a known 
aneurysm or in those situations where the condition 
responsible for the presentation was unclear. 
Definitions. The records of patients with RAAA 
were reviewed. Specific attention was given to 
demographic data, preoperative and intraoperative 
factors (both patient- and doctor-controlled vari- 
ables), and postoperative complications and patient 
outcome. Mortality was defined as a death within 30 
days of operation or during hospital stay regardless of 
cause. Syncopal episodes on history or after presen- 
tation, respectively, were defined as "collapse" and 
"loss of consciousness'. Electrocardiographic (ECG) 
ischemia was documented if greater than 1 mm ST 
segment depression or an associated T-wave change 
was present on the admission ECG. Serum creatinine 
was determined on blood collected at presentation. 
Statistical analysis. Data were analyzed on an 
IBM-compatible personal computer with spread- 
sheet software and SPIDA (Statistical Package for 
Interactive Data Analysis, Statistical Computing 
Laboratory, Macquarie University, Sydney, Aus- 
tralia). 
The Wilcoxon rank sum test was used when 
nonparametric data were compared. When sample 
sizes were large, the normal approximation to the 
expected istribution of the median rank was used to 
calculate p. The univariate association of 67 preop- 
erative variables identified in other studies or sus- 
pected on clinical grounds to be associated with 
mortality was tested by chi-squared analysis or 
logistic regression analysis in the initial group of 136 
consecutive patients undergoing operation. Records 
where values of the particular variable being analyzed 
were unknown or missing were not included in the 
analysis of that variable. Variables ignificantly asso- 
ciated (p < 0.05) with mortality (Table I) were 
further analyzed with the addition of data from a 
further 18 patients to develop a multivariate model. 
Continuous variables that were significant on univari- 
ate analysis were also categorized into quartiles and 
analyzed for effect over the range of the variable in 
quartiles (Table II). Where individual patient data for 
a variable was unknown, the mean value for that 
variable was assigned. The number of factors identi- 
fied in the multivariate analysis was also analyzed. 
The multivariate model was developed with forwards 
and backwards stepwise methods. Clinically relevant 
and physician-independent variables were used in the 
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Table I. Univariate association with mortality on logistic regression (data for missing individual 
factors not analyzed) 
Variable No. of patients analyzed p Value Odds ratio 95% CI 
Loss of consciousness 151 0.002 8.09 2.17-30.1 
ECG ischemia 111 0.003 5.46 1.78-16.7 
Hb (g%) 133 0.006 0.85 0.75-0.95 
Age (yr) 154 0.008 1.07 1.02-1.12 
Preoperative fluids > 3.5 L 153 0.008 3.54 1.39-8.98 
Femoral pulses (absent) 100 0.010 0.43 0.22-0.82 
Urine output (< 30 ml/hr) 138 0.011 3.57 1.34-9.54 
Creatinine (per 100 mmol/L) 129 0.021 2.13 1.12-4.04 
Nausea 154 0.035 0.44 0.21-0.94 
gP (per 10 mm/Hg) 145 0.044 0.91 0.82-1.00 
BP, Blood pressure. 
Table II. Mortality by quartiles of 
significant continuous variables 
Mortality 
Factor Category Deaths No. (%) 
Age (yr) <67 10 34 29 
67-72 11 45 24 
73-76 15 37 41 
> 77 24 38 ~63 
Hb (g%) <9 19 32 *59 
9-11 11 33 33 
11-13 13 34 38 
> 13 8 34 24 
Unknown 9 21 43 
BP (ram Hg) < 80 19 42 45 
81-109 15 37 41 
110-135 12 34 35 
> 135 7 32 ]-22 
Unknown 7 9 78 
Creatinine (mmol/L) <0.13 13 34 "38 
0.13-0.16 6 33 18 
0.16-0.19 5 30 17 
>0.19 20 32 "63 
Unknown 16 35 46 
BP, Blood pressure. 
*Increased mortality (p < 0.05) compared with other categories 
of variable. 
?Decreased mortality (p < 0.05) compared with other categories 
of variable, missing values not analyzed. 
model to reflect he clinical process of determination 
of risk. The association with mortality of complica- 
tions developing after operation in those initially 
surviving operation was tested with the chi-squared 
test with Yate's correction. 
RESULTS 
Operation was not performed in 21 patients (12 
men, 9 women) with a mean age of 81.1 years (range 
60 to 90 years). The reasons for not undertaking 
operation in these patients with RAAA are shown in 
Table III. One patient was discharged with a 
contained rupture to a nursing home for palliative 
Table I I I .  Reasons for not undertaking 
operation in 21 patients with ruptured 
abdominal aortic aneurysm 
Indication No. 
Patient refused 4 
Comorbidity 8 
Known suprarenal neurysm ~ 3 
Ca gallbladder 1 
Cardiac arrest, refractory hypotension 5 
*Previously found to be unsuitable for elective reconstruction. 
care and died within a month. The median survival 
after arrival of the remainder was 2 hours and 10 
minutes. 
One hundred fifty-four patients (88%) under- 
went operation for ruptured abdominal aortic aneu- 
rysm. The mean (median) age of these patients was 
71.4 (72) years (interquartile range 67 to 76 years). 
The mean age for women was 75.5 years (range 64 
to 85 years) and for men 70.5 years (range 51 to 86 
years). The male/female ratio was 5.5: 1. Associated 
comorbidities are shown in Table IV. 
Sixty-one (40%) patients were transferred to 
Royal North Shore Hospital from other hospitals, 
either a peripheral city or country hospital, with a 
median transfer time of 1 hour (1 to 2 hours). The 
mortality rate of these patients (46%) did not differ 
from that of those brought directly to the hospital 
(37%) (chi-squared analysis = 0.57,p = 0.45). 
At Royal North Shore Hospital a specialist 
vascular service provides full coverage for all vascular 
emergencies. All operations are performed by or with 
the supervision of a specialist vascular surgeon. All 
operations were performed with the patient under 
general anesthetic. The abdomen was opened 
through a long midline incision, and infrarenal 
control was obtained in all but six (3.7%) cases when 
a supracoeliac clamp was initially required at the level 
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Table IV. Comorbidities of 136 
consecutive patients undergoing operation 
for ruptured aortic aneurysm 
No. Factor 
Factor assessed present Percent 
Ischemic heart disease 136 48 36 
Hypertension 136 71 54 
Previous myocardial infarction 136 28 21 
Congestive cardiac failure 136 10 8 
Chronic obstructive airways 136 32 24 
disease 
Family history of aortic 135 1 1 
aneurysm 
Peripheral vascular disease 136 11 8 
Previous CVA/TIA 136 23 17 
Diabetes 136 5 4 
Smoker (current or cx) 118 94 76 
Renal failure 136 7 5 
Malignancy 136 5 4 
CVA, Cardiovascular ccident; T/A, transient ischemic attack. 
of the diaphragm. All patients urviving operation 
were transferred tothe intensive therapy unit for their 
initial postoperative treatment. 
Preoperative variables significantly (p < 0.05) 
associated with mortality are shown in Table I. The 
hospital mortality rate of patients undergoing opera- 
tion was 39% (60 of 154). The mortality rate for men 
(38%) was not significantly different from that for 
women (52%) (chi-squared analysis--1.43, p = 
0.23). Continuous variables were categorized into 
quartiles, and the mortality of each category isshown 
in Table II. Hemoglobin less than 9 g% and age 
greater than 76 years were both associated with 
increased mortality compared with those not in those 
categories. Both the highest and lowest quartiles for 
serum creatinine had significantly increased mortality 
on logistic regression compared with intervening 
values. A significantly improved survival rate was 
seen in patients with an initial systolic blood pressure 
greater than 135 mm Hg. 
The logistic regression analysis was repeated to 
find significant independent risk factors. The aim of 
this analysis was to identify a set of risk factors that 
may be of use to stratify patient subgroups prospec- 
tively. The significant multivariate risk factors are 
analyzed in Table V, and the cumulative ffect of 
multiple risk factors, when weighted equally, is 
shown in Table VI. The odds ratio per risk factor 
present was 4.23 (95% CI 2.58 to 6.94,p < 0.001). 
As the number of risk factors in any individual patient 
increased, the likely occurrence of a successful out- 
come decreased. 
Ultrasonography, computed tomography, or 
Table V. Multivariate model of variables 
independently associated with mortality 
Variable p Value Odds ratio 95% CI 
Age >76 years 0.001 4.69 1.93-11.5 
ECG ischemia 0.004 6.63 1.81-24.3 
Cr >0.19 mmol/L 0.005 4.07 1.54-10.8 
Loss of consciousness 0.020 5.37 1.30-22.2 
Hb <9 g% 0.032 2.90 1.10-7.71 
Missing data for individual patients given mean value for that 
variable. 
both were performed in 35 patients. A significant 
(p = 0.003) difference was seen in the median time 
to operating department (72.5 minutes) compared 
with those (n = 99) not undergoing these investi- 
gations (40 minutes). Seventy percent of grafts 
implanted were straight and the remainder bifur- 
cated. No significant difference was seen in mortality 
between the two grafts. 
In the initial series of 136 operations, 20 patients 
did not survive operation, and 34 died in-hospital 
subsequently. The development of postoperative 
complications significantly associated with mortality 
is shown in Table VII. The development of acute 
renal failure was most strongly associated with 
subsequent mortality. A significantly greater mortal- 
ity was seen in those patients with acute renal failure 
(ARF) who received ialysis compared with those 
who did not, but a significantly greater mortality was 
also seen in those with ARF who did not receive 
dialysis compared with those who did not have ARF. 
This finding may in part reflect he development of
ARF as an agonal event. Cardiac and respiratory 
complications and the development of gut ischemia 
were also strongly associated with mortality. 
DISCUSSION 
Ruptured abdominal aortic aneurysms remain a 
difficult problem. The mortality.of elective resection 
and graft of an aortic aneurysm has been lowered 
significantly, with many series reporting operative 
mortality rates of less than 5%. The mortality of 
RAAA remains unacceptably high, with 50% mor- 
tality rates reported in many series, 6,7 and has not 
significantly improved over the last 10 years, s Al- 
though the 39% 30-day mortality rate in this series is 
in keeping with the better published results, we 
believe the result is still unsatisfactory. A change in 
approach is needed to further improve on this 
mortality. 
Many factors can affect he technical course of the 
operation. These will vary from patient to patient 
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in experienced vascular units are unlikely to signifi- 
cantly alter the outcome. The development of tech- 
nical complications does have an adverse affect on 
prognosis, 9~ but these complications can be mini- 
mized if the operation is performed in units with 
proven results and expertise. A real advantage exists 
for the patient in having a specialized vascular 
surgeon operate on the RAAA.~2~4 Significant varia- 
tion exists in the mortality rates of different surgeons, 
with the mortality rate of vascular surgeons being less 
tha0 that of general surgeons (p < 0.05). is Trans- 
port to a center with the appropriate expertise is not 
associated with an increased mortality rate. ~~ In 
this study 40% of the patients with RAAA were 
transferred from other hospitals, with a median 
transfer time of 1 hour. This transfer time was not a 
significant determinant of outcome in this analysis. 
Other areas need to be addressed if any significant 
impact is going to occur in the reduction in the 
mortality associated with RAAA. There are perhaps 
two alternative approaches that may reduce the high 
mortality associated with RAAA. One approach isto 
increase the rate of prerupture diagnosis uch as the 
introduction of a community-based screening pro- 
gram to detect he asymptomatic aneurysm or the 
development of better algorithms to identify those 
AAA most likely to rupture. 8The other approach is 
to review the selection process used to offer surgical 
intervention when the patient with RAAA is first 
seen.  
The earlier diagnosis of aortic aneurysms would 
appear to be the most logical approach. Community 
screening with abdominal ultrasonography to exam- 
ine the "at risk" population group has been shown to 
be cost-effective. 16 The recent pilot studies for 
screening programs 161s have targeted men between 
65 and 79 years of age. Although such an approach 
will identify some members of the community who 
are at risk, it will not remove the clinical problem of 
RAAA. The attendance rates at screening programs 
are approximately 60% of the target population. 
Entry criteria for most programs are restricted to 
maintain the cost benefit of the screening program. 
Men younger than 65 years or older than 80 years 
who are otherwise fit and well will be excluded, and 
women, who composed 20% of our patients with 
RAAA, will not be screened. Although first-degree 
relatives have a high prevalence of AAA, 19 they will 
not be included in community-based screening pro- 
grams. 
The alternative approach is to examine the 
manner by which patients with RAAA are selected 
for operation. The improvement in the operative 
Table VI. Mortality of patients with 
multivariate model of five equally weighted 
factors according to number of 
factors present 
No. of factors present No. Deaths Percent 
0 62 10 16% 
1 52 19 37% 
2 32 23 72% 
3 or more 8 8 100% 
Missing data for individual patients given mean value for that 
variable. 
mortality of the elective aneurysm resection was 
initially related to improvements in surgical tech- 
nique, and although technical problems till represent 
a formidable challenge in the ruptured aneurysm, any 
advances in this area are unlikely to significantly 
reduce the overall high mortality rates of 50%. 6,7 
More recently, the continued improvement in the 
mortality for elective AAA repair has been due to 
refinements in patient selection on the basis of risk 
factor stratification and postoperative management i  
the ITU. 
The fact that a patient with RAAA can be rapidly 
transferred to hospital, resuscitated, and transferred 
to the operating department to undergo a surgical 
procedure does not necessarily mean that this is the 
most appropriate therapeutic option. The problem 
facing the clinician is to decide whether for a 
particular patient the RAAA is merely a terminal 
event at the end of the patient's life or whether it is 
a surgical emergency that is correctable and likely to 
result in the patient continuing to lead a meaningful 
existence. The first group of patients, it could be 
argued, could be treated expectantly, 7'2~ whereas the 
second group could be offered urgent surgical 
intervention. Clinical assessment will identify the 
patient with disseminated malignant disease or the 
debilitated, senile patient in a nursing home, but 
some other determinants ofoutcome may allow this 
assessment to be refined. An inappropriate assess- 
ment leading to operative intervention may prolong 
the suffering and offer unrealistic hope to the relatives 
of a dying patient and in addition consume a 
significant amount of health care resources with no. 
benefit to the patient. On the other hand, an 
inappropriate assessment may deny a patient a 
life-saving operation and the opportunity to return to 
an independent and fulfilling quality of life. 2~ 
The surgeon requires prognostic determinants for 
appropriate patient selection rather than determi- 
nants of outcome. Factors that evolve as the surgical 
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Table VII. Mortality of those surviving operation according to the development of
postoperative complications 
Mortality with factor Mortality without factor Chi-squared analysis p 
Myocardial ischemia or infarction 10/14 24/102 13.6 < 0.001 
Respiratory failure 14/19 20/97 21.6 < 0.001 
Pneumonia 13/23 21/93 12.8 < 0.001 
Fever/sepsis 17/30 17/86 14.6 < 0.001 
ARF (all patients) 31/63 3/53 24.3 < 0.001 
ARF not receiving dialysis ~ 20/47 3/53 12.35 < 0.001 
ARF receiving dialysis t 11/16 20/47 4.26 0.04 
Ischemic gut 10/14 23/102 11.4 < 0.001 
*Compared with patients who did not have ARF. 
tCompared with patients with ARF not receiving dialysis. 
intervention progresses such as the diagnosis of free 
intraperitoneal rupture 22 or the need to use a 
supracoeliac clamp ~2 or factors that develop in the 
intensive therapy unit such as major organ failure are 
important in deciding whether treatment should 
continue but are of no use in evaluating a potential 
patient with RAAA in the emergency department. 
This study attempts to identify agroup of risk factors 
that may be useful in resolving the problem of initial 
patient selection. 
Statistical analysis identified five risk factors that 
were significant on multivariate analysis and that can 
be readily determined on presentation to the emer- 
gency department. These risk factors have been 
noted in other studies 4,z2,23 but have been combined 
with operative and postoperative factors to deter- 
mine final outcome rather than initial patient se- 
lection. No single risk factor has a predictive value 
in isolation, 5'24 but the cumulative predictive value 
of the risk factors in Table VI is demonstrated in 
this study. A single risk factor is present in 37% 
of the deaths. Three or more of the five risk factors 
were associated with a 100% mortality rate. Al- 
though 16% of the deaths were not predicted by 
the multivariate criteria at admission, these patients 
had complications during the admission that are 
associated with a poor outcome. 6,~2,2s The use of the 
preoperative risk factors identified the results of 
treatment in 84% of the patients who died of their 
ruptured aneurysm. 
The development of postoperative complications 
significantly associated with mortality may influence 
the decision to continue treatment and enable rela- 
tives to be counseled more appropriately (Table VII). 
Most postoperative d aths are related to major organ 
failure and usually involve more than one organ 
system.~S'2~ 
The 30-day mortality associated with RAAA 
remains unacceptably high. Although the operation 
will continue to present unique technical problems, 
an improvement in patient selection may be associ- 
ated with a significant reduction in the operative 
mortality in the same way that patient selection is 
clearly an important factor in the low mortality now 
achieved with elective AAA. 
The five risk factors discussed in this study can be 
used in the emergency department to exclude those 
patients who do not have a realistic expectation of a 
successful outcome. Responsibility for the allocation 
of scarce health care resources is currently being 
demanded of the clinician. To avoid the intervention 
of a third party in this process, clinical decisions 
should be based on a predictable result after a 
procedure. This study has identified age > 76 years, 
loss of consciousness after arrival, hemoglobin 
< 9 g%, ECG ischemia, and initial serum creatinine 
>0.19 mmol/L as factors that have a cumulative 
predictive significance that may assist in the identi- 
fication of patients who will not benefit from surgi- 
cal intervention for a ruptured abdominal aortic 
aneurysm. 
As more studies imilar to this one are performed, 
it is hoped that the significance of such factors will be 
better defined. Although we do not currently advo- 
cate or practice the rejection, of patients on the 
previously mentioned criteria, we believe that the 
identification of these factors may be of assistance in
the decision making process before surgical interven- 
tion is offered to an individual patient with ruptured 
abdominal aortic aneurysm. 
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